Induction and maintenance doses of thiopentone were smaller in eight elderly women than in eight younger women. Mean venous anaesthetic concentrations were 34% less (P = 0.02) in the elderly. For each patient an "expected maintenance dose" was calculated from serum clearance and the area under the curve during the anaesthesia. In the elderly the average expected dose was equal to the dose given, but in the younger patients the dose given was greater than the expected (P< 0.02). In younger women, but not in the elderly, a high cardiac output was accompanied by the need for a relatively high maintenance dose if a certain serum concentration was to be maintained. Cardiac output was equally reduced in both patient groups (30-40%). After induction the heart rate was reduced in the elderly during the entire period of anaesthesia and always more than in the younger. No correlation was found between serum concentration of thiopentone and haemodynamic effects.
Elderly patients need a smaller dose of thiopentone than younger patients for induction (Dundee, 1954; Christensen and Andreasen, 1978) and for maintenance of anaesthesia (Dundee, 1954) . The reason for this difference is not fully understood. Arterial and venous drug concentrations at the time of sleep did not differ in young and elderly male patients (Christensen, Andreasen and Jansen, 1982) . Recent studies (Christensen, Andreasen and Jansen, 1980, 1982) have indicated that individual variations in the inital distribution of thiopentone influence the size of the sleep dose. The rapid changes in intravascular drug concentration during induction make it difficult to study the relationship between concentration and effect. During anaesthesia maintained by repeated smaller doses of thiopentone the possibility of achieving effect-related serum concentrations may be better.
In the present investigation a group of young and a group of elderly women were anaesthetized with repeated small doses of thiopentone. The study had the following aims: (1) To determine and compare venous thiopentone concentrations during anaesthesia in young and elderly women. (2) To study the relationship between change in cardiac function and venous thiopentone concentrations. (3) To elucidate reasons for variations in thiopentone sensitivity within and between groups of young and elderly women.
PATIENTS AND METHODS
Eight elderly women (60-85 yr) and eight younger women (20-40 yr) gave informed consent to the study. Both groups underwent planned gynaecological operations. The diseases were neither malignant nor acute and no patient had evidence of disease other than that for which surgery was indicated. Table I shows mean values and ranges of age and body weight for the two groups. Mean values and ranges for haemodynamic indices determined (as described below) before anaesthesia are listed.
Pethidine 0.8mgkg~' and atropine 0.5mg were given i.m. 30-60 min before the induction of anaesthesia. The thiopentone solution (2.5% Leopental) was injected to a vein on the back of the hand until the eyelash reflex was obtunded. The first 250mg was given over 25 s. After that repeated doses of 50 mg were injected over 2 s every 20 s. Before each injection the patient was examined to determine the presence or absence of the eyelash reflex. Suxamethonium 100 mg was given to facilitate trachea! intubation. The lungs were ventilated with a SERVO Ventilator 900 (Elema Schonander). The respiratory rate was 12 b.p.m. and the end-tidal concentration of carbon dioxide was adjusted to 5vol%, monitored with a carbon dioxide analyser (930 Siemens Elema). Anaesthesia was maintained oung patients and O^mglcg^'h" 1 to the elderly patients, (3) tubocurarine. (4) Thiopentone 25 or 50 mg over 2 s was injected if one or more of the following signs was observed: increase in arterial pressure; increase in heart rate; dilatation of the pupil; lachrymation; sweating. At the end of the anaesthesia atropine 1 mg and neostigmine 2.5 mg were given i.v. The range of the duration of the anaesthesias was 50-130 min. All anaesthetics were given by the same anaesthetist (JHC).
Blood samples for the determination of thiopentone were withdrawn from an indwelling catheter inserted into a large cubital vein in the arm opposite that used for the injection. A control sample was taken before induction. The first sample was drawn 20 s after the disappearance of the eyelash reflex. During the anaesthesia blood samples were taken every 10 min and after anaesthesia at 2, 3, 5, 8, 12 and 24 h. Serum was used for the thiopentone assay which was performed using high performance liquid chromatography (Christensen and Andreasen, 1979) .
The duration of the anaesthesia (Dur^,) was defined as the period between the time of disappearance of the eyelash reflex and the time of extubation.
A three-compartment open model with elimination from the central compartment only was fitted to the time-serum concentration data by numerical solution of coupled differential equations describing the amount of drug in the three compartments (Christensen, Andreasen and Jansen, 1981a) . At the times when supplementary doses had been given the amount in the central compartment was increased with the dose.
For comparison and discussion of thiopentone sensitivity we use the expressions (l)- (5) where Cl is the total body clearance.
Mean "anaesthetic" concentration (jig ml" 1 ) -AUC^ (4)
The very rapid change in venous concentration of thiopentone during the first 5 min after an i.v. injection (Christensen, Andreasen and Jansen, 1980, 1981b) makes an interindividual comparison of serum concentrations from that period difficult. Therefore an "Equilibrium concentration 10.20" (Mg ml"') (
was determined for each patient as the mean of all concentrations measured between 10 and 20 min after the administration of a supplementary dose. Cardiac function was assessed in each patient by impedance cardiography as described previously (Christensen, Andreasen and Jansen, 1982) . Stroke volume (SV), heart rate (HR) and cardiac output (CO) (SV x HR) were determined every time a blood sample was drawn. The last determination, however, was made 5h after the induction. The conductive strips remained on the patient during the entire 5-h period. 6 (ohm x s) was assumed to be 13 5 as all our patients had a normal haematocrit (Geddes and Baker, 1967) . The arterial pressure was measured with a conventional sphygmomanometer technique. The mean arterial pressure (m.a.p.) was calculated as the diastolic pressure + one-third of the pulse amplitude.
Statistical calculations. The significance of differences between the two groups of patients was tested by the Sign test or the Mann-Whitney test for unpaired data and the Wilcoxon test for paired data. Correlations were tested by t statistics.
RESULTS
The induction dose was significantly less in the elderly women (table II) . One of the young women received only 250mg for induction and it was not necessary to give a supplementary dose until 50 min after the first thiopentone injection. For three of the elderly women the initial 250-mg dose was sufficient for induction, but for all three it was necessary to give the first of the two supplementary doses 10 min after the first injection. Figure 1 shows the venous concentration of thiopentone during anaesthesia, measured every 10 min in a young and in an elderly woman. It should be noted that no fixed relationship exists between the time for additional thiopentone injection and the time for blood sampling. In the elderly the average concentration of thiopentone 10-20 min before the end of the operation was reduced to 75% (P<0.02) of the average concentration 10 min after induction. A corresponding reduction in the young averaged 8% (n.s.). Table III shows that the maintenance injection rate (eq. (2)) of thiopentone was significantly greater in the younger women than in the elderly. The mean anaesthetic concentration of thiopentone (eq. (4)) in venous blood during anaesthesia was 34% less (P=0.02) in the elderly. The "equilibrium concentration IO-JO" (eq. (5)) was 39%less (P< 0.01) in the elderly. The duration of anaesthesia did not differ significantly for the two patient groups.
The pharmacokinetic indices for the two patient groups are listed in table IV. The only significant difference between the groups is a larger V 3 in the elderly, but it should also be noted that the means for the plasma clearances and for the elimination half-lives are greater in the elderly.
A comparison between the doses of thiopentone which were given after the induction, the observed dose (eq. (1)), and the expected maintenance dose (eq. (3)) for the anaesthetic period is possible in table V, where the means and the ranges for the indices are listed. In the elderly no difference between the expected and observed maintenance dose was seen, but in the young patients the observed dose was 36% greater (P<0.02) than expected.
Between individuals there was no significant correlation between the thiopentone dose injected per hour and the resulting mean anaesthetic concentration. For the young patients, however, there was a correlation between dose and serum concentration if the individual doses were divided by the individual values of cardiac output during anaesthesia ( fig. 2) .
The influence of anaesthesia on the haemodynamic indices is illustrated in figure 3 , where the values of mean arterial pressure, stroke volume, heart rate and cardiac output are shown before, during and after anaesthesia. Stroke volume decreased in both groups during anaesthesia. There was no evidence of greater depression in the elderly than in the young. The heart rate remained less than the initial value during the entire observation period for the elderly. For the young there was an initial increase in heart rate. During the entire observation period the average reduction in heart rate was larger in the elderly than in the young. The cardiac output showed maximal depression in both groups of 30-40% with no significant difference between the groups. The mean arterial pressure values did not change significantly during the anaesthetic period and there were no differences between the groups in the observed changes. We found no significant correlation between serum concentrations of thiopentone and the changes in the simultaneously measured haemodynamic indices in the individual patient. There was no obvious correlation, when relationships between drug concentration and changes in hemodynamics were examined, within groups. Only serum concentrations measured more than 10 min after an injection were used to study this relationship.
TABLE V. Observed (eq. (I)) and expected (eq. (3)) doses of thiopentone (mean values and ranges)

Women
DISCUSSION
The influence of age and type of anaesthesia on the pharmacokinetics of thiopentone
A previous study of younger and elderly patients (Christensen, Andreasen and Jansen, 1981b) showed that the elderly had greater volumes of distribution, longer half-lives and higher values for serum clearance of thiopentone. These findings were confirmed in the present study.
The influence of surgery was studied by Ghoneim and Van Hamme (1978) and they concluded that the "stress" of surgery did not affect the distribution or clearance of thiopentone. Ghoneim and Van Hamme (1978) found no effect of enflurane and nitrous oxide on the pharmacokinetics of thiopentone. Rahn, Dayton and Frederickson (1969) could not demonstrate any effect of halothane on the plasma half-life of thiopentone. When our present study is compared with our previous study of young and elderly women (Christensen, Andreasen and Jansen, 1981b) (when halothane was given to maintain anaesthesia) no differences were found in the calculated pharmacokinetic parameters for thiopentone for any of the comparable age groups.
Relationship between dose, serum concentration and anaesthetic effect
The smaller maintenance dose observed in the elderly cannot be explained by the administration of an unnecessary large induction dose. Even in the three patients in whom the initial 250 mg was sufficient for induction it was necessary to give a supplementary dose 10 min after the initial injection. In spite of the significantly smaller induction dose administered to the elderly, we found equal concentrations in venous blood at the time of onset of sleep in our two age groups. The mean concentration during the total period of anaesthesia, however, was significantly less in the elderly patients. During anaesthesia the injected amounts of thiopentone were adjusted according to need. The use of relatively large supplementary doses of 50 mg to the elderly and to the young may have resulted in too much thiopentone being given, particularly to the elderly. The dose expected to keep each patient anaesthetized was calculated from knowledge of AUC^, and the total body clearance of thiopentone for the patient. For the elderly the average of these expected doses were identical with the average of the observed doses, but in the young patients the average of the observed maintenance doses were about 36% greater than the average of the expected doses. We suggest that the explanation for this difference between young and elderly is that the ability of the individual young patient to redistribute the drug is in part a determinant of the dose of thiopentone. In the elderly patients, however, such an interindividual difference in ability to redistribute seems to be of no importance for the dose needed. This hypothesis is supported by the significant relationship observed in the young, but not in the elderly, between dose injected and mean concentration achieved when the individual doses were adjusted to (divided by) cardiac output. Furthermore, the hypothesis is in accordance with our previous conclusion concerning the importance of the individual cardiac outputs for the size of the induction doses in young male subjects but not in elderly males (Christensen, Andreasen and Jansen, 1982) .
The difference in maintenance dose between young and elderly women cannot be explained entirely by differences in initial distribution (or cardiac output). The "equilibrium concentration 10-20" was significantly greater in the young and this seems to reflect a difference in cerebral sensitivity to the drug between two groups. A more precise expression for cerebral sensitivity (an "MAC" concentration (Becker, 1978) ) could be achieved if blood samples were drawn, not at fixed time intervals but exactly at the time a need for a supplementary injection occurred. Different responses for the two groups to pethidine might interfere with a comparison of thiopentone cencentrations necessary for anaesthesia. We have tried to avoid this bias by using smaller doses of pethidine in the elderly (Vestal, 1978) .
Relationship between serum concentration and haemodynamic effects
Several authors (Elder et al., 1955; Etstenand Li, 1955; Flickinger et al., 1961) have demonstrated reductions in cardiac index (from 12 to 24%) following induction with thiopentone. Filnerand Karliner (1976) studied six healthy, male volunteers in the age group 19-24yr. They gave 5mg/kg body weight and found an increase in cardiac index which was the result of a decrease in stroke work index and an increase in heart rate. Becker and Tonnesen (1978) studied 10 healthy patients in the age group 21 -50 yr and concluded that plasma concentrations of thiopentone that produce surgical anaesthesia result in minimal cardiac depression as determined by systolic time intervals. We have tried to study the haemodynamic effects of an induction dose of thiopentone in patients comparable in respect of all important factors except age or sex. Table VI shows data from our previous study on men (Christensen, Andreasen and Jansen, 1982) and from the present study. It is noteworthy that the induction dose of thiopentone caused a significant decrease in cardiac output in elderly women, but not in any of the other groups. Apparently the decrease in stroke volume was not compensated for by increases in heart rate in the elderly women as it was in the other groups. The two groups of women were studied during the entire anaesthetic period (cf. figure 3 in the present study). Cardiac output was significantly decreased in both groups after lOmin and later during anaesthesia it was 60-70% of the preanaesthetic value in the young and in the elderly.
Over the concentration range studied no correlation existed in any age group between concentration (equilibrium concentration 10.20) and a haemodynamic effect (including the mean arterial pressure). This is in agreement with Greisheimer and others (1953) who found no correlation between blood concentrations of thiopentone and cardiac output in dogs.
SENSIBILIDAD A LA TIOPENTONA EN MUJERES JCVENES Y DE EDAD
SUMARIO
Las dosis de induccion y de mantenimiento de tiopcntona fucron menores en ocho mujeres de edad de las administradas a ocho mujeres j6venes. Las concentraciones ancsteticas venosas medias cran en un 34% (P-0,02) inferiores en las mujeres de edad. Para cada paciente, se calcul6 una "dosis de mantenimiento prevista" en base a la depuraci6n del suero y del area bajo la curva durante la anestesia. En las mujeres de edad, la dosis prevista media era igual a la dosis administrada, pero en las pacientes mas jovenes, la dosis administrada era mayor de la prevista (P< 0,02). En las mujeres j6venes, pero no en las de edad, un volumen-minuto elevado se acompan6 con una dosis de mantenimiento indispensable relativamente alta, si una cierta concentracidn en el suero tenia que mantenerse. El volumen-minuto baj6 igualmente en ambos grupos de pacientes (30-40%). Despues de la induccion, el ritmo cirdiaco disminuyd en las mujeres de edad durante el pcriodo entero de la anestesia y sicmpre mis quc en las j6venes. No se encontxo ningimn correlacion entre la concentraci6n de riopento na en el suero y los efectos hemodinimicos. Downloaded from https://academic.oup.com/bja/article-abstract/55/1/33/243227 by guest on 10 January 2019
